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A MEEeOD BOR GENERATING HYPERMOTABO: ORGANISMS 

TMs invention was made using a U.S. government grant from the 
MH (CA43460). Therefore, the U.S. government retains certain rights to 
the invoition. 

T PfTwmrAT .imCT.n of titr invention 

The invention is related to the area of nusmatch repair genes. In 
particular it is related to the field of mutagene^. 



y^^CTROTTND OF THE TNYESIIQM 

Withm the past fourTcars, the genetic cause of the Hereditary 
Nonpolyposis Colorectal Cancer Syndrome (HNPCC), also known as Lynch 
syndrome n. has been ascertained for the majority of kindreds affected with 
the disease (13). The molecular basis of HNPCC involves genetic instabiUty 
resulting from defective mismatch repair (h4MR). To date, sbc genes have 
been identified in humans tiiat encode for proteins and appear to participate 
in the MMR process, including the mutS homologs GTBP. hMSH2. and 
hMSH3 and the mutL homologs hMLHI, hPMSJ, and hPMS2 
(2,7,11,17,20,21,22, 24). Germline mutations in four of these genes 
ihMSHl, hMLHI, hPMSl, and hPMS2) have been identified in HNPCC 
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kindreds (2,1 1,13,17,24). Though the mutator defect that arises from the 
MMR defidency can affect any DNA sequence, microsatelltte sequences are 
particulariy sensitive to MMR abnormalities (14). Microsatellite instability 
is therefore a usefiil indicator of defective MMR. In addition to its 
occurrence in virtually alt tumors arising in HNPCC patients, Microsatteiite 
instability is found in a small fraction of sporadic tumors with distinctive 
molecular and phenotypic properties (27). 

HNPCC is inherited in an autosomal dominant &sfaion, so that the 
normal cells of affected &mily mmbers contain one mutant allele of the 
rdevant MMR gene inherited from an affected parent) and one wild-type 
allele (bherited from the unaffected parent). During the eatly stages of 
tumor development, howev^, the wild*type allele is inactivated through a 
somatic mutation^ leaving the cell with no fimctional MMR gene and 
resulting in a profoimdd^ect in MMR activity* Because a somatic mutation 
in addition to a gemd-line mutation is required to generate defective MMR 
in the tumor cells, tins medianism is generally r^erred to as one involving 
^^o hits,^ analogous to the biaUelic inactivation of tumor suppressor genes 
that initiate other h^editary cancers (11, 13,25). In line with this two-hit 
mechanism, the non-neoplastic ceUs of HNPCC patients generally retain 
near normal levels of MMR acti\4ty due to the presence of the wild-type 
allele. 

STJMM ARY OF THE nWEMHOH 

It is an object of the present invention to provide a method for 
rendering cells hypermutable. 

It is another object of the present invention to provide genetically 
altered cell lines. 

It is yet another object of the present invention to provide a method 
to produce transgenic animals that are hypermutable. 

It is also an object of the present invention to provide genetically 
altered transgenic animals. 
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It is a fiirth^ object of the invention to provide a method of 
mutating a gene of intvest in a cell 

Yd another object of the tnvoition is to provide a method of 
mutating a gone of interest in an animal. 

These and other objects of the invention are provided by one or 
more of the embodiments described bdow. Jn one ^bodiment of the 
invration, a method for making a fa^pennutable cell is provided. A 
potynucieotide encoding a donunant n^ative allele of a mismatdi repair 
gene is mtroduced into a cdl. The cell becomes hypermutable as a re^ of 
the introduction of the goie. 

In another einbodiment of the inv^ition, an isolated hypermutable 
cdl is provided. The cell comprises a dominant negative allele of a 
nusmatch vepm gene. 

Jn anoth^ anbodim^ of the invention, a hyp^mutable transgenic 
ammal is prodded. The animal comprises a dominant negative allde of a 
mismatch r^air gene. 

Id another emboc&nent of the tnvention» a method is provided for 
introdudng a mutation mto a gene of interest A polynucleotide encodmg a 
dominant negative allde of a mismatch repair gene is introduced into a celL 
The cell becomes hyp<»mutable as a result of the introduction of the gene. 
The cdl fiuth^ comprises a gene of interest The ceU is grown. Ihecdlis 
tested to determine whether the gene of tnttf est harbors a mutation. 

In anothtf ^nbodiment of the invoxtion, a method is provided for 
generating a mutation in a gene of interest. A transgemc animal comprising 
a polynudeotide encoding a dominant negative allde of a mismatch repair 
gene is grown. The animal comprises a gene of interest. The animal is 
tested to determine whether the gene of interest harbors a mutation. 

These and other mbodiments of the invention provide the art with 
methods that can generate enhanced mutability in cells and animals as well 
as providing cells and animals harboring potentially useful mutations. 
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BRIEF DESCRIPTION OF THE DRAWTNfiS 

Rgure L Diagrams of PMS2 e}q>ression vectoi^ (Fig. lA) and pCAR 
reporters (Fig. IB). 

Hgure2. SH ceUsco-transfectediivithpCAR reporters and PAiX^ 
expresdon vectors after 17 days of drug selection. (Fig. 2A) Western 
blots of lysates from untransfected SH cdls (lane 1) or SH cells 
transfectedwithPA«y2-WOr(lane2)orPAdff2-^ The 
arrow inficates the 1 10 kD protdn expected for hPMS2. (Fig. 2B) 
Western blots of lysates from untransfected SH cells Qane l)orSH 
cells tnmsfectedwithPAdSK-JVOrO^ The 
arrow indicates the 14 Id) protdne?q)ected for hPMS-134. Both A 
and B were probed with an antiboify gradated against the N- 
tenmnus of hPMS2. The upper pofyp^tides m A and the lower 
polypeptides in B represent cross-reactive hamst^ protdns. (Fig, 
2C)p-galacto^dase activity in lysates derived from SH cells 
co-transfected withPMy2-M>r(lane 1), PA4S2-WT (Imc 2), or 
PMS2^134 (lane 3) phis reporter plasmid. Relative p-galactosidase 
activities are defined as the ratio of p-*galactoddase activity in ceUs 
transfected with pCAR*OF compared to that in cells transfected with 
pCAR-IF; tMs normalization controlled for transfection effidency and 
controlled for p-galactosidase activity in the cells expressing the 
various PMS2 efifector genes. 

Figure 3. In situ p-galactosidase activity of pooled clones of SH cells stably 
transduced with the PMS2'NOT (Fig. 3 A), PMS2-WT (Fig. 3B), or 
PMS2'134 (Fig. 3C) expression vectors, then re-transfected with pCAR-OF 
reporter. After 17 days of drug selection, the colonies were pooled, 
cultured, and stained for p-galactosidase activity. A pooled culture of of 
PMS2'134 transduced SH cells expressing P-galactosidase from pCAR-OF 
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is \i^ble in Hg. 3C The levd of npression is lower^ as expected, than in 
SH cells transfected iTvith the pCAR-IF reporter plasmid, shown as a positive 
control in Fig. 3D, Each of the fields illustrated is representative of that 
found in triplicate experimrats. 

figure A. Protein expression and p-galactosidase activity in stably 
transduced SH dones. (Rg. 4A) Westmi blots of lysates from clones 
stably transduced with PMS2-N0T Oanes 1-3) or PMS2-WT (lanes 4-6), 
(Fig. 4B) Western blots of fysates from dones stably transduced with 
PMS2-NOTQssies 1-3) OTPhdS2'I34 Oanes 4-6), (The arrows mdicate the 
polypeptide of the appropriate molecular wd^. The upper (Rg, 4A) and 
low^ (Fig. 4B) molecular wdgbt pofypeptides are nonspedfic proteins. 
(Rg, 4C) The clones expressing PMS2-N0T (lane 1 A-3 AX PMS2-WT 
Oanes 1B-3BX or PMS2-134 (lanes 1C-3C) w»e transduced vAih 
pCAR-OF or pCAR-IF reports plaids and multiple subclones sdected in 
hygroinydn plus genetidn w^e harvested 17 days latw and assayed for 
P-galactosidase acti\^. Rdative P-galacto^dase acti^ties are defined as 
the ratio of P-galactosidase acti^ty in cdls transduced vdth pCAR-OF 
compared to that in cells transduced with pCAR-IF. 

Hgure 5. Immunopredpitation of in vitro translated hPMS2 and hMLHl 
protdns. (Fig, 5 A) Labelled indicated by an asterisk) or unlabelled 
protdns were incubated with an antibody to the Oterminus of faPMS2 in 
lanes 1-3 and to hMLHl in lanes 4-6. Lane 7 contains a nonprogrammed 
reticulocyte lysate. The PA/5-/ J5 contains oodons 135-862 of APA/^ The 
major translation products of hPMSl and hMLHl are indicated. (Fig. SB) 
Labelled hPMS-134 (containing* codons 1-134 of hPMS2) was incubated in 
the presense or absence of unlabelled hMLHl plus an antibody to hMLHl 
(lanes 1 and 2, respectively). Lane 3 contains lysate from a nonprogrammed 
reticulolysate. (Fig. 5C) Labelled proteins were incubated with an antibody 
to the N-terminus of hPMS2. Lane 6 contains a nonprogrammed 
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reticulocyte lysate. In both Fig, S A and Fig. SB» autoradiographs of 
immunopredpitated products are shown. 

Figure 6. Compl^entation of MMR activity in transduced SH cells. 
Lysates from pooled clones stably transduced with PMSl-NOT^ PMS2'WT, 
ovPMS2^134 were complonented with purified MutSa or MutLaMMBi 
components using the 5'G/T heteroduplex substrate. The values are 
presented as the percentage of repair activity in each case compared to that 
in lysates complemented with both purified MutLa and MutSa components 
to normalize for repair effid^cy in the different tysate badcgrounds. The 
values shown represrat the merzgo of at least three different determinations. 

PETA XI/gP P ESCTJPHQN OF THE nTVJEJOlQH 

The inventors have discovered a method for developing 
bypermutable cdls and animals by taldng advantage of newly discovered 
alleles of human mismatch repair genes. Dominant negative alleles of such 
genes, vfhea introduced into cells or transgenic animals, increase the rate of 
spontaneous mutations by redudng the effectiveness of DNA xepm and 
thereby render the cdls or animals hypermutable. Hypermutable cells or 
animals can thai be utilized to develop new mutations in a gene of interest. 

The process of nusmatdi repair, also called nusmatch proofreading, 
is carried out by protein comploces in cells rang^ig firom bacteria to 
mammalian cells. A mismatdi repair gene is a gene that mcodes one of the 
proteins of such a nusmatdi repair complex. Although not wanting to be 
bound by any particular theory of mechanism of action, a mismatch repair 
complex is believed to detect distortions of the DNA helix resulting from 
non*complementary pairing of nucleotide bases. The non-complementary 
base on the newer DNA strand is excised, and the exdsed base is replaced 
with the appropriate base which is complementary to the older DNA strand. 
In this way, cells eliminate many mutations which occur as a result of 
mistakes in DNA replication. 
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Dominant negative alleles cause a mismatch ri^air defective 
phenotype even in the presence ofa wild-type alide in the s^e cell An 
example of a dominant negative allele of a mismatch repair gene is the 
human gene hPMS2'-I34, vMch carries a truncation mutation at codon 134. 
The mutadon causes the product of tUs gene to abnormally terminate at the 
po^on of the 134th anuno add, resulting in a shortoied polypeptide 
contaimng theN*tOTxtiiial 133 amino acids. Sudi a mutation causes an 
inoease in the rote of mutations vMch acaumilate in cells after DNA 
r^Ucadon. Expres^on of a donunant negative allele of a mismatdi repair 
gene results in ImpairmCTt of rmsmatdi repair activity, even in the presence 
of the wM-type allele. Any allele wUcfa produces such ^ect can be used in 
tins inventioiL 

Donunant negative alleles of a mismatdi repair gene can be obtahied 
firom the cdls of humans^ animals, yeast, bacteria, or othv organi^ns. Sudi 
alldes can be idradfied by screening cells for d^cttve nusmatch repair 
activity. Thecelbiimybeimitagemzedornot/Cdlsfromatiiinalsor 
hxmiansvdth cancer can be screened for defective inismatchrep^^ Cells 
from colon cancv patients may be particularly useful Genomic DNA, 
dSNA, or niRNAfiom any cell encoding a nusmatdi repair protdn can be 
analyzed for variations from the wild type sequMce. Dominant negative 
alleles of a mismatdi repsur gene can also be created artifidally, for example, 
by produdng variants of the hPMS2^134 aUde or oth^ mismatch repair 
gmes. Various teduuques of dte^lirected mutagmests can be used. The 
suitability of such alldes, \diether natural or artifidal, for use in generating 
hypermutable cells or animals can be evaluated by testing the mismatdi 
repair activity caused by the allde in the presence of one or more wild-type 
alleles^ to determine if it is a dominant negative allde. 

A cell or an animal into which a dominant negative allele of a 
mismatch r^air gene has been introduced will become hyp^mutabie. This 
means that the spontaneous mutation rate of such cells or animals is elevated 
compared to cells or animals without such alleles. The degree of elevation 
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of the spontaneous mutation rate can be at least 2*fold, 5-fold, 10-fold, 20- 
fold, 50-fold, 100-fold, 200-fold, 500-fold, or 1000-fold that of the normal 
cell or ammal. 

According to one aspect of the invention, a polynucleotide encoding 
a donunant negative form of a nusmatdi repair protein is introduced into a 
cell or a transgenic animal. The gene can be any dominant negative allele 
encoding a protein ^ch is part of a mismatch repair complex, for example, 
PMS2, PMSh MLHly orMSHl. The dominant negative allele can be 
naturally occurring or made in the laboratoiy. The polynucleotide can be in 
the form of genoouc DNA, cDNA, KNA, or a chemically synthesized 
polynudeotide. The polynudeotide can be introduced into the cell by 
transfection. 

Transfecdon is any process whereby a polynudeotide is introduced 
into a cell. The process oftransfecdon can be carried out in a living aninaal, 
e.g:, using a vector for gene therapy, or it can be carried out in vitro^ e.g., 
using a suspension of one or more isolated cdls in culture. The cell can be 
any type of eukaryotic cell, induding, for example, cells isolated from 
humans or othw primates, mammals or other vertebrates, invertebrates, and 
single ceiled organisms sudi as protozoa or yeast 

In gmeral, transfecdon will be carried out using a suspen^on of 
cells, or a ^gle cdl, but oth^ methods can also be q)plied as long as a 
suffidrat firacdon of the treated cdls or tissue incorporates the 
polynucleotide so as to allow transfected cells to be grown and utilized. The 
protdn product of the polynucleotide may be transiendy or stably expressed 
in the cell. Tedmiques for transfecdon are well known. Available 
techniques for introdudng polynucleotides include but are not limited to 
electroporation, transduction, cell fusion, the use of calcium chloride, and 
packaging of the polynucleotide together with lipid for fiision with the cells 
of interest. Once a cell has been transfected with the mismatch repair gene, 
the cell can be grown and reproduced in culture. If the transfection is stable. 



such that the gene is e3q>ressed at a consistrat level for many cdl 
gmmtions^ then a cell Une results. 

An isolated cell is a cell obtained from a tissue of humans or ammais 
by medianically separating out individual cdls and transferring th^ to a 
smtable cell culture medium, dth^ with or without pretreatment of the 
tissue with enzymes, e«g;, collagenase or trypdn. Sudi isolated cells are 
typically cultured in the absrace of otb^ types of cells. Cells selected for 
the introduction of a dominant negative allele of a mifimatdi repair gene may 
be dmved from a eukaryotic organism in the form of a primary cell culture 
or an immortalized cdl line, or may be derived from suspradons of ^ngie- 
cdled organisms. 

A polynucleotide encoding a dominant negative form of a mismatch 
tcpdk protdn can be introduced into the genome of an animal by produdrig 
atransgfflicanunaL The aiuriial can be any spedes for i^di suitable 
techmques are available to produce transgenic ammais. For example, 
transgemc axumals can be prepared from domestic Uvestodc, e.g.^ cows, 
pigs, sheq>, goats, horses, etc.; from animals used for the production of 
recombinant protdns, e«g:, cows, pigs, or goats that express a recombinant 
protein in then- nulk; or experimental anhnals for researdi or product testing, 
e.g.^ mice, rats, hamsters, ginnea pig% rabbits, etc. 

Any method for making transgemc arumals known in the art can be 
used. According to one process of producing a transgemc animal, the 
polynudeotide is iigected into a fertilized egg of the arumal and the injected 
egg is placed into a psmdo-pregnant fonale. The egg devdops into a 
mature animal in which the polynudeotide is incorporated and pressed. 
The fertilized egg is produced in vitro from the egg and sperm of donor 
animals of the same spedes as the pseudo-pregnant female, who is prepared 
by hormone treatments to recdve the f^tilized egg and become pr^ant. 
An alternative method for producing transgenic animals involves introdudng 
the polynucleotide into embryonic cells by injection or transfection and 
reintroducing the embryonic cells into the developing embryo. With this 
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method, howev^, if the polynucleotide is not incorporated into gerailine 
cdOSj the gene vnSL not be passed on to the progeny. Therefore, a transgoaic 
aninud produced by this method must be evaluated to det^mine whether the 
goie is incorporated into germ cells of the animal. Once transgenic animals 
are produced, they can be grovm to reproductive age, when they can be 
mated to produce and maintain a colony of transgenic animals. 

Once a transfected cell line or a colony of transgenic animals has 
been produced, it can be used to genmte new mutations in one or more 
gene(s) of interest Ageneof interest can be any gene naturally possessed 
by the cdl line or transg^c animal or introduced into the cell line or 
transgenic animaL An advantage of uang such cells or animals to induce 
mutations is that the cell or ammal need not be exposed to mutagenic 
^emicals or radiation, which may have secondary harmfiil efifects, both on 
the object of the exposure and on the workers. 

Mutations can be detected by analyzing for alterations in the 
genotype of the cells or aiumals, for ^cample by examimng the sequence of 
gCTonuc DNA, cDNA, mess^iger RNA, or amino adds assodated with the 
gfioc of interest. N&itations can also be detected by sheening the phenotype 
of the gene. A mutant phenotype can be detected by id^tifying alterations 
in electrophoretic mobility, spectroscopic prop^es, or other physical or 
stractural diaracteristics of a protein encoded by a mutant gene. One can 
also soreen for altered fimction of the prptdn in situ, in isolated form, or in 
modd systems. One can screen for alteration of any property of the cell or 
animal assodated with the fonction of the gene of interest. 

The above disclosure generally describes the present invention. A 
more complete understanding can be obtained by reference to the following 
specific examples which are provided herein for purposes of illustration 
only, and are not intended to limit the scope of the invention. 
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KXAMPm l! hPAfS2.134 Encodes a Dominant Negative Mismatrfi 

Repair FrotciB. 

A prQfi>und d^ect in MMR was found in the nonnal cells of two 
HNPCC pati«its. Hiat this defect was opoattve in Wvo was demonstnited 
by the widespread presmce of nucrosattdite instability in non-neoplastic 
cells of sudi patients. Qneofthetwopatioitshad agerm-linetnincating 
mutation of the hP^eS2 gme at codon 134 (the hPMS2'134 mutadon), 
wiule the oth^ patient had a small geim-line deletion within the fiMLHl 
gene (26). These data tims contradicted the two^lut model generally 
bdieved to explain the biodiemical and biological features of HNPCC 
patioits. The ba^ for this MKfR deficimcy in the normal cells of these 
patients was unclear, and sev^al potmtial ^q)lanations were off^ ed. For 
example, it was pos^le that the second allele of the relevant MMR gene 
was mactivated in the germ-line of these patients through an undiscovered 
mechanism, or that imknown mutations of other genes involved in the MMR 
process were present that cooperated with the known gmn-line mutatioxL 
It is dear from knodc^out experiments in nuce that MMR-defidency is 
compatible with normal growth and developmrat, supporting these 
pos^ilities (1»3,6). Alternatively, it was possible that the mutant alleles 
exerted a donunant negative effect, resulting in MMR defidency even in the 
presence of the wild*type allde of the corresponding MMR gme and all 
other goies involved in the MMR process. To distinguish between these 
possibilities, we e>qpressed the truncated polypeptide encoded by the 
hPMS2^I34 mutation in an MMR profidmt cell line and analyzed its affect 
on the cell's MMR activity. The results showed that this mutant could 
indeed ^ert a dominant negative effect, resulting in biochemical and genetic 
manifestations of MMR defidency. 

The MMR profident Syrian hamster TK'tslB cell line (hereafter 
called SH ceils) was cotransfected with various hPMS2 expression plasmids 
plus reporter constructs for assessing MMR activity. The hPMS2 
expression plasmids contained the normal hPMS2 gene product or the 
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tnmcated hPMS2 gene identified in the patient described above (PMS2-WT 
and PMS2-134, respectivdy. Fig. 1 A). An "empty" vector devoid of hPMS2 
sequ»ces (PMS2-NOT, Fig. 1 A) served as an additional control Hie 
rq>oit^ constract pCAR-OF (out of frame) contained a hygromydn 
resistance gene plus a P-galactosidase gene containing a 29 bp out-of-jframe 
poly-C A tract at the 5* end of its coding r^oiL The reporter construct 
pCAR-IF Qxi frame) was idmtical except that the poly-CA tract was 27 bp 
and therefore did not disrupt the p-galacto^dase reading firame ^ig. IB). 
The pCAR--OF reporter would not generate P-galactosidase activity unless a 
fiame-restoring mutation (te., insertion or deletion) arose following 
tiansfectioiL 

Three different transfection schemes vfete used to evaluate the 
effects of thei!A^2-i3^ mutation on SH cells. In the first scheme, 
the e>q)ression vectors plus the reporters w^e co-transfected together. 
Fools containing greater than 100 clones w^ generated following 
sdection p^ih hygromydn for 17 days and harvested for West^ blot 
and p-galactosidase assays. SH cells transduced with PAi^2-IFr and 
PA£S2^134 synthedzed polypeptides of the expected ^ze» as assessed 
with anti-hPMS2 antibodies on Westrai blots (Fig. 2A and 2B). As 
e^qpected, virtually no p-galactosidase acthity was observed in SH 
cells transfected with the pCAR-OF reporter phis PMS2'NOT (Fig. 
2C). However, SH cells transfected with PMS2'134 expressed 
coimderable P-galactosidase activity, significantly more than those 
transfected with PA432-»T (Fig. 2C). These results suggested that 
the truncated polypeptide encoded by the PMS2'134 construct 
perturbs the endogenous MMR machinery, resulting in deletions or 
insertions that restored the reading fi-ame. The exact nature of these 
presumed deletions or insertions could not be assessed, as multiple 
copies of the reporter constructs were transduced under our 
conditions, and the wild type P-galactosidase sequence was in great 
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excess over the ecpected miitant% precluding their d^onstration by 
direct sequendng. 

In the second scheme, SH cells were co-transfected with eadi 
of the PMS2 expres^on vectors plus the hygromydn-resistance 
plasmid pLHL4. Hygroniydn resistant cultures containing greater 
than 100 clones were pooled and expanded. These cultures were then 
co-tran^ected wHh pC AR-IF or pC AR*OF reporters plus a separate 
plasnud alloii^g genetidn sdection. Two we^ later, the pooled 
cells, eadt contatmng more dian 100 colonic resistant to both 
hygromydn and graeddn, wm stained with X-gal to assess 
p-galactoddase activity. As shown in Figure 3, the cultures 
transfected with PMS2''I34 ^and C) contained many blue cells, wMe 
virtually no cdls were blue in the cultures transfected with 
PlidS2-HOT or PAtS2-WT(pBoasAmdB, respect Jheadi 
case, transaction effidency was controlled by parallel transfections 
using pCAR-IF vrfucfa also sdrved as a control for P-galacto^dase 
atidyity of cells expressing the various PMS2 effector gaies, \duch 
resulted in :miular p*galacto^dase expression levds in all cases 
(example in Fig* 3D). In^eases in P*galactosidase activity after 
PMS2^IS4 transfection compared to PM^S-^transfection were also 
observed vAiea a ^milar ^cperim^ital protocol was applied to the 
MNfR-profident human embiyonic kidney cell line 293. These cells 
were cotransfected with the pCAR-^F plus the various PMS2 effector 
plasmtds and selected for 17 days in hygromydn. At day 17, colonies 
were stained with X-gal to assess p-galactosidase activity and scored 
for P-galactoddase expres^g cells. As shown in Table 1, only those 
cells expressing the PMS2-134 polypeptide expressed a detectable 
p-galactosidase activity. These data demonstrate a similar dominant 
negative effect of the hPMS2-134 protein in both rodent and human 
systems and validate the utility of the rodent system in these studies. 
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In the third scheme, SH ceUs were transfected with each of the 
PMS2 e3q)ression vectors as desoibed for the second scheme* but 
individual dones , rather than pooled clones, were ^cpanded following 
drug selection* Of tw^ty dones transfected with PA4S2^WT, five 
were shown to express readily detectable levds of fiiU-Iength PMS2 
protdns (eicanq>les in Fig. 4A, lanes 4-6). Similar analyses of tw^ty 
PMS2'J34 clones revealed four clones which e9q>ressed truncated 
PMS2 polypeptides of the e?q>ected dze (examples in Figure 4B, lanes 
4-6). Three dones expressing fidl-length or truncated PMS2 
proteins, as well as three randomly sdected clones fi:omPMS!2-M7r 
transfected cdls (Figure 4A and 4B, lanes 1-3) were chosen for 
fiirther analyds. The individual dones were tested for P-galactosidase 
activity following co-transfection with pCAR-OF plus the pNTK 
plasnud, as described above for the pooled clones. As shown in 
Figure 4C, each of the three dones (lanes 3A-3Q expresdng the 
truncated hPMS2 polyp^tideyidded much higher p-galactosidase 
activities following transfection with pC AR-OF than did the dones 
expres^g the fiiU-lragth hPMS2 protein (lanes 2 A-2C) or no hPMS2 
protdn (lanes lA-lC). 
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Table 1. p>galacto»dase expression of 293 clones transfected with 
pCAR-OF reporter constnict plus FMS2 ^fector plasmids. 293 cells 
vrcK cotransfected with the pC AR-OF P-galactoddase reporter 
plasmid plus 1hePMS2'NOZ -WT, or -134 efiEector plasmids. 
5 Transfected cells sdected in faygron^dn for 17 days and stained 

^mtfa x-gal for P-galactosidase activity (blue colored cells). The 
results bdow rqtresent the mean +/- standard de^nation of triplicate 
experiments. 



gample 
PMS2'N0T 
PMS2'WT 
Pm2-J34 



Plwg CPlPlHgg 
0+AO 
0+/-0 
15+/- 2.1 



White colonies 
17+/- 2.7 
18 +/-4.0 
6 +/-2.1 



15 
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Plasmids. The fiill-lmgth wUd-typc hPMS2 cDNA was 
obtained from a human Hela cDNA library as described (18). An 
hPAiS2 cDNA containing a tenmnaticn codon at amino add 134 was 
obtained via RT-PCR from the patient in wluch the mutation was 
discovered (9). The cDNA fragments were doned into the BamEn 
^te into the pSGS vector^ which contuns an SV40 promoter followed 
by an SV40 polyadenylation dgnal (8). The pCAK reporter vectors 
desCTbed in Fig. 1 were constructed as described in re£ 21 and 25. 

Cc^ll lines and transfection, Syrian Hamster fibroblast Tk'tslS 
cells were obtained from ATCC and cultured as described (IS), 
Stab^ transfected cdl lines e}q>resdng hPMS2 were created by 
cotransfection of the PMS2 e>q>res^on vectors and the pLHL4 
plasmid encoding the l^gromydn redstance gene at a ratio of 3:1 
^CAR:pLHL4) and sdected imth bygromydn. Stably transfected cdl 
lines contaiiung pCAR reporters were generated by co-transfectton of 
pCAR vectors together with either pNTK plasmid encoding the 
neomydn redstance plasnud or \nth pLHL4. All transfections were 
performed using caldum phosphate as previously described (IS). 

P- galactorfdase assay. Seventeen days following transfection 
with pCAR» P-galacto^dase assays wore performed using 20 ^g of 
protein in 4S mM 2-mercaptoethanol, lmMK^02> 0-1 MNaP04 and 
0.6 mg/nd Chlorophenol red-p-D-galatopyrano^de (CPRG, 
Bodiringer Marmheun). Reactions were incubated for 1 hour, 
tominated by the addition of O.S M Na2C03, and analyzed by 
spectrophotometry at S76 nm (16), For in situ P-galactosidase 
staining^ cells were fixed in 1% glutaraldehyde in PBS and incubated 
in 0,15 MNaCl, 1 mM MgCl^, 3.3 mM K4Fe(CN)6, 3.3 mM 
K3Fe(CN)6, 0.2% X-Gal for 2 hours at 2TC, 
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TgXAMPLE 2 ! hPMS2^134 Causes a Defect in MMR Activity 

The most likdy explanation for the differences in 
P-galacto^dase activity between Pik£S2-fFr and PMS2-I34 
transfected ceUs was that the PMS2-134 proton disturbed MMR 
activity, resulting in a lugher frequency of mutation within the 
pCAR-OF rqK>rttf and re-establishing the OKF. To directly test the 
hypothesis that MMR was altered, we ^ployed a biodienucal assay 
for MMR with the individual clones described in Hg. 4. Nudear 
extracts were prepared from the clones and incubated with 
heteroduplex substrates containing dth^ a /CAXins^on-deletion or 
a G/T mismatch under conditions described previously. The /C A\ and 
G/T heteroduplexes were used to test repair from the 3* and 5* 
directions, respectivdy* There was a dramatic differmce between the 
PMS2''134 expressing dones and the other clones in these assays 
(Table 2A). While all dones repaired substrates from the 3* direction 
(/CA\ heteroduplex), cells expressing the PMS2^134 polypeptide had 
vety little 5* repair activity. A similar directional defect in mi^atch 
rq>air was e\ddent with pooled dones resulting from PMS2'J34 
transfection, or when the heteroduplex contained a 2-4 base pair loop, 
examples of whidi are shown in Table 2B. A small decrease in MMR 
activity was observed in the 3' /CA\ PMS2*WT repair assays, perhaps 
a result of interference in the biochemical assays by overexpresdon of 
the PMS2 protein. No sigraficant activity was caused by in 
the in situ p^galactosidase assays (Fig. 3; Tablel), a result more likely 
to reflect the in vivo condition. 
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Table 2. Mismatch repair activity of nuclear extracts from SH clones 
(A) or pooled cultures (B). The extracts were tested for MMR 
activity with 24 finol of hetwoduplejc. *niese data represent sinular 
results derived from greato- than five indepoident experiments. 



A SH clones* 



CslLLiiis 

PMS2-N0T 
done A 
doneB 
doneC 

PMS2-WT 
done A 
doneB 
clone C 

PMS2-134 
clone A 
doneB 
doneC 



Repaired so hstrate rfinol/15 min'^ 
3' /CA\ 5' G/T 



10.2 
12.7 
13.5 



2.8 
5.7 
4.7 



2.5 
2.4 
5.0 



3.5 
2.9 
5.5 



2.2 
4.8 

2.9 



0.0 
0.0 
0.5 



R Pooled cultures 

Repaired subs trate ffinol/lS min^ 
3'G/T 5'G/T 3VCTG\ 5VCTG\ 

PMS2-NOT 2.07+/. 0.09 2.37+/- 0.37 3.45 +/- 1.35 2.77+/-1.37 
PMS2-WT 1.65+/. 0.94 1.86+/- 0.57 1.13+/- 0.23 1.23+/- 0.65 



PMS2-134 0.14+/. 0.2 0.0+/- 0.0 1.31 +/.0.66 0.0+/- 0.0 
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Westem blots. Equal number of cells were iysed directly mtysb 
buffer (60 tntA Tris, pH 6.8, 2% SDS, 10% g^cerol, 0.1 M 
2-mercaptoethanol, 0.001% bromophmol blue) and boiled for 5 minutes. 
Lysate protdns were separated by dectrophoresis on 4-12% Tris-^ydne 
gels (for analy^s of full-length hPMS2) or 4-20% Tris-glycine gds (for 
analyds of hPMS2-134). Gels were dectroblotted onto finmobilon-P 
(Millipore) in 48 mM Tiis base» 40 mM glydne, 0.0375% SDS, 20% 
methanol and blocked ovenught at 4X in Tris-buffered saline plus 0.0S% 
Tween-20 and 5% condensed milk. Filters w^e probed with a polyclonal 
anybody generated against reddues 2 - 20 of hPMS2 (Santa Cruz 
Biotechnology, Inc.) and a horseradish pero^ddase corrugated goat 
anti-rabbit secondary antibody, using chemilluminescence for detection 
(PiCTce). 

In vitro translation, linearDNAfiragmoitscontaimng APA£S2 and 
hMLHl cDNA sequences were prq)ared by PCR, incorporating sequmces 
for in vitro transaiption and translation in the sense primer. A fiiU-lengtii 
hMLHl fitigment was pr^ared u^ng the sense primer 
5 -ggatcctaatacgactcactatagggaga ccaccatgtcgttcgtggcaggg-3' (codons 1-6) 
and the antisense primer S -taagtcttaagtgctaccaac-3* (located in the 3* 
untranslated region, nt 241 1-2433), u^g a wild-type hMLHl cDNA clone 
as ten^Iate. A fiitt-Iengtii hPMS2 fragment was prepared with the sense 
primer 

S -ggatcctaatacgactcactatagggagaccaccatggaacaattgcctgcgg-3' (codons 1- 6) 
and the antis^e primer 5 -aggttagtgaagactctgtc-3' (located in 3' 
untranslated re^on, nt 2670-2690) usdng a cloned hPMS2 cDNA as 
template. A fragment encoding the amino-terminal 134 amino acids of 
hPMS2 was prepared using the same sense primer and the antisense primer 
5 -agtcgagttccaaccttcg-3. A fragment containing codons 135 - 862 of 
hPMSJSS was generated using the sense primer 
5 -ggatcctaatacgactcactatagggagaccaccatgatgtttgatcacaatgg-3 ' (codons 
135-141) and the same antisense primer as that used for the full-length 
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hPMS2 protein. These firagmrats were used to produce proteins via the 
coupled transcription-translation system (Promega). The reactions were 
supplemented with ^'S-labelled methionine or unlabelied methionine, as 
indicated in the text. The PMS13S and hMLHl protdns could not be 
^multaneously radiolabelled and immunopredpitated because of their similar 
molecular weights preduded resolution. Lower molecular weight bands are 
presumed to be degradation products and/or polypeptides translated from 
alternative internal methiomnes. 

Immunopredpitation. Immunopredpitations were performed on //i 
vitro translated proteins by mixing the translation reactions with 1 ^g of the 
MLHl spedfic monoclonal antibo^ (mAB) MLH14 (Oncogene Sdence^, 
lno.\ a pofyclonal antibody generated to codons 2-20 of hPMS2 desaribed 
above, or a polydonal antibocfy generated to codons 843*862 of hPMS2 
(Sairta Cruz Biotechnology, Inc.) m 400 )il of EEC buffer (SO mM Tris, pH 
7.5, 0. 1 M NaCI, 0.5% 1SIP40). After incubation for 1 hr at 4X, protein A 
sepharose (Sigma) was added to a final concratration of 10% and reactions 
were incubated at 4''C for 1 hour. Protdns bound to protdn A were washed 
five times in HBC and sq>arated by electrophoresis on 4-20% Tris-glydne 
gels, i^ch were thra dried and autoradiographed. 

Biochemica l assays for mismatch repair. MMR activity in nuclear 
retracts was performed as described, using 24 finol of substrate (12,25), 
Compl^entation assays were done by adding 100 ng of purified MutLa 
or MutSa conq>onCTts to 100 |ig of nuclear extract, adjusting the final KCl 
concentration to 100 mM (4, 10,30). The substrates used in these 
experiments contain a strand break 181 nucleotides 5* or 125 nucleotides 3' 
to the nusmatch. Values represent experiments performed at least in 
duplicate. 
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AMPI.E 3r Ciirboxv Temiinos of hPMS2 Mediates Interafction 
helween hPMS2 and hMLHl 

To duddate the mechanism by which hPMS2«134 affected MMR» 
we anafyzed the interaction between hPMS2 and hMUEil. Previous studies 
have shown that these two protdns dim^ize to form a functionally active 
complex (12, 28). Protdns w^e synthesized m vi/^-c^ uang reticulocyte 
lysates, employing RNA generated from cloned ten4>lates. The fiill-Iengdi 
hMLHl and hPMS2 protdns bound to eadi other and were co-predpitated 
with antibodies to dther protdn, as expected (data not shown). To 
determine the domain of hPMS2 which bound to hMLHl, the amino 
terminus (codons 1 • 134), containing the most Mghly conserved domain 
among mutL proteins (19,24), and the carfooxyl terminus (codons 135 - 862) 
were separatdy doned and proteins produced in vitro in coupled 
transCTiption-translation reactions. When a ^^S-labdled, fiill length hMLHl 
protdn(Pig. S A, lane 5) was mbced with the unlabeUed caxbo>grl t^minal 
hPMS2 pofypeptide, a monodonal antibody (mAb) to the cariK>xyl trismus 
of hPMS2 efifidratly immimopredpitated the labded hMLHl protdn (lane 
1). No hMLHl protdn was predpitated in the absence of KPMS2 Qane 2). 
Conversdy, when the ^*S-labelled caibo?QrI-terminus of hPMS2 Qanc 3) was 
incubated with unlabelled, fiill-Iength hMLHl protein, an anti-hMLHl mAb 
predpitated the hPMS2 polypeptide Qane 4)* In the absence of the 
unlabelled hMLHl protein, no hPMS2 protdn was predpitated by this mAb 
(lane 6). The same antibody Med to hnmunopredpitate the ainmo-terniinus 
of hPMS2 (amino acids 1-134) A^en mixed with unlabdled MLHl protein 
(Fig. SB, lane 1). This finding was corroborated by the converse experiment 
in wWch radiolabelled hPMS2-134 (Fig. 5C, lane 1) was unable to 
copredpitate radiolabdled MLHl when precipitations were done using an 
N-terminal hPMS2 antibody (Fig. 5C, lane 2) while this antibody was shown 
to be dblc to coprecipitate MLHl when mixed with wild-type hPMS2 (Fig. 
5C, lane 4). 
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The initial stq)s of MMR are dependent on two protein complexes, 
called MutSa and MuiLa (14). As the amino terminus of IiPMS2 did not 
mediate binding of hPMS2 to hMLHl, it was of interest to determine 
v^etfaer it might instead mediate the interaction between the MutLa 
complex (composed of hMLHl and hPMS2, r^. 12) and the MutSa 
conq[>lex (composed of MSH2 and GTBP, re£ 4). Because previous studies 
have demonstrated that MSH2 and the MutLcc components do not assodate 
in solution (28), we were unable to assay for direct hPMS2-134:KfiitSa 
interaction* We therefore used a different approach to address this issue, and 
attempted to complement nudear extracts fix>m the various SH cell lines 
with MutSa or MtitiLa. Ifthe truncated protein present in the PMS2-134 
eiqyressing SH cells was binding to MutSa and fowling its effective 
concentration in the extract, then adding intact MutSa should rescue the 
MMR defect in sudi extracts. Purified MutSa added to such extracts had no 
effect (Fig. 6). In contrast, ad^tion of intact MutLa to the extract 
completely restored directional repair to the extracts fi^om PMS2-134 cells 
(Rg. 6). 

The results described above lead to several conclusions. First, 
expresdon of the amino-terminus of hPMS2 results in an increase in 
microsattelite instability, con^stent with a rq>lication error (R^) 
ph^otype. That tius elevated miCTOsattelite instability is due to MMR 
deficiency was proven by evaluation of extracts firom stably transduced cells. 
Interestingly, the expression of PMS2-134 resulted in a polar defect in 
MMR, wMch was only observed uiung heteroduplexes deigned to test repair 
from the 5' direction (no significant defect in repair from the 3' direction was 
observed in the same extracts). Interestingly, cells deficient in hMLHI also 
have a polar defect in MMR, but in this case preferentially affecting repair 
from the 3' direction (5). It is known from previous studies in both 
prokaxyotes and eukaryotes that the separate enzymatic components mediate 
repair from the two different directions. Our results, in combination with 
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tfaose of Drummond et al, strongly suggest a model in wUch 5* r^air is 
primarily dq)e]ident on hPM S2 ^Me 3' repair is primarily dependent on 
hNfLHL It is easy to raivision how the dimeric complex between PMS2 and 
MLHl nught set up this directionality. The combined results also 
demonstrate that a defect in directiomd MMR is suffident to produce a 
ItER+ phraotype. 

We antidpated that the dominant negative function of the PMS2-134 
polypeptide resulted from its binding to MLHl and consequent inhibition of 
MutLa function. This l^othesis was based in part on the &ct that the most 
higjdy conserved dosudn of the PMS2 gmc is located in its amino temiinus^ 
and the only known biochemical partner for PMS2 is MLHl. Our binding 
studies revealed, however, that the cail^oxyl t^minus of PMS2, tather than 
the tughfy conserved amino terminus^ actually mediated binding to MLHL 
This result is consistent with those recently obtained in £ cerevisciae/m 
wluch the MLHl-interacting domain of PMSl (the yeast homolog of human 
PMS2) was localized to its caibo^-temunus (23). Our add-back 
experiments additionally showed that the hPMS2*134 mutant was not likefy 
to mediate an interaction with the MutSa complex 6). The best 
explanation at present to explain the various observations made here is that 
the hPMS2*-134 polyp^tide does not inMbit the initial steps in MMR, but 
rather interacts with and inUbits a downstream component of the pathway, 
perhaps a nuclease required for repair from the S' direction. 

Tlie demonstration that the hPMS2-134 mutation can confer a 
donunant negative MMR defect to transfected cells helps to explain the 
phenotype of the kindred in \^ch this mutant was discovered. Three 
individuals from this kindred were found to cany the mutation, a &ther and 
his two children. Both children exhibited microsatteiite instability in their 
normal tissues and both developed tumors at an early age, while the father 
had no evidence of microsatteiite instability in his normal cells and was 
completely healthy at age 35. The only difference known to us with respect 
to the MMR genes in this family is that the father's mutant allele was 
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expressed at lower levels than the wUd-type allele as assessed by sequencing 
ofrevereetninscriptaserPCR products ofKNA from lymphocytes. The 
children expressed both alleles at approximately equal levels (Parsons et dL 
and unpublished observations). We suspect that the doniuiant negative 
attribute of the hPMS2-J34 mutant will only be manifest when it is present at 
sufficient concentrations (at least equhnolar), thus explaming the absence of 
MMR deficiency in the fether. The reason for the diflferential expression of 
the hPMS2'134 allde in this Idndred is not clear, though imprinting is a 
possibifity. Hopefully, the ascertainment of additional, larger kindreds with 
sudi mutations will fiualitate the investigation of thb issue. 
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(2) INFORMATION FOR SEQUENCE ID. NO. 2 

(i) SEQUENCE CHARACTERISCS : 

(A) LENGTH: 862 Amino Acids 

(B) TYPE: amino acid 

( C ) STRANDEDNES S : s ingl e 
(D) TOPOIiOGY : linear 

(ii) MOLECUIiAR TYPE: Protein 

(3ci) SEQUENCE DESCRIPTION : SEQ. ID. NO. 2 
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WECLAIM: 

1. A method for making a hyp^mutable cell, comprising the step of: 

introdudng into a mammalian cell a polynucleotide comprising a 
dominant negative allele of a mismatch repair gene, vvfa^d>y the cell 
becomes hyp^rmutable. 

2. The method of daim 1 wherein the polynucleotide is introduced by 
transfection of a suspension of cells m vitro^ 

3. The method of daim 1 wherdn the mismatdi repair g^ie is FMS2, 

4. The method of daim 1 wherein the mismatdi repair g^e is human PA£S!2. 

5. The method of daim li»dierdn the mismatdi repair gene is human 
AdLHL 

6. The method of daim 1 i^erdn the mismatch repair gme is human PMSJ. 

I. The method of daim 1 wherdn the mismatch repair gene is human 
MSH2. 

8. The method of claim 4 wherein the allele comprises a truncation 
mutation. 

9. The method of daim 4 v^erein the allele comprises a truncation mutation 
at codon 134 as shown in SEQ IDKO: 1. 

10. The method of claim 9 wherdn the truncation mutation is a thynudine at 
nudeotide 424 of wild-type PMS2 as shown in SEQ ID NO: L 

II, The n^thod of claim 1 ^^em the polynucleotide is introduced into a 
fertilized egg of an animal. 

12. The method of claim 1 1 wherein the fertilized egg is subsequentiy 
implanted into a pseudo-pregnant female whereby the fertilized egg develops 
into a mature transgenic animal. 

13. The method of claim 12 wherein the mismatch repair gene is PMS2. 

14. The method of claim 12 wherein the mismatch repair gene is human 
PMS2. 

15. The method of claim 12 wherein the mismatch repair gene is human 
MLHL 
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16. The method of daim 12 ^erdn the mismatch rep^ gene is himian 
PMSL 

n. The method of claim 12 A^^dn the nusmatch repair gene is himian 
MSH2. 

18. The method of daim 14 wherein the allde comprises a truncation 
mutation. 

19. The metiuKi of daim 14 in^^dn the allele comprises a trancation 
miitation at codon 134 as shown tn SEQ ID NO: 1. 

20. The method of daim 19 wh«^ the truncation mutation is a thymictine 
at nudeotide 424 of wild^type Ph4S2 as shown in SEQ ID NO: L 

21. A homogeneous composition of cultured^ hypmnutable. mammaBan 
cells wiuch comprise a dominant negative allele of a mismatch repair gene, 

22. The isolated iQfpermutable cell of daim 21 wherein the mismatch vepdir 

73, The isolated faypermutable cell of daim 21 whordn the nusmatdi repair 
gaie is human PMS2. 

24. The isolated hypermutable cell of claim 21 wherein the mismatch repair 
gene is humanAfLffi. 

25. The isolated hypermutable cell of daim 21 herein the mismatch repair 
gene is human PAiS!/. 

26. The isolated faypermutable cdl of claim 21 ^erdn the nuanatch r^air 
gene is human ii/iSH2- 

27. The isolated hypermutable cell of claim 21 wherein the cdls €9q;>r^ a 
protein con^sting of the first 133 amino adds of hPMS2. 

28. A hypermutable transgenic mammal wherdn at least 50% of the cells of 
the mammal comprise a dominant negative allele of a mismatch repair gene. 

29. The hypermutable transgenic animal of daim 28 comprising a protein 
which consists of the first 133 amino adds of human PMS2. 

30. A method for generating a mutation in a gene of interest comprising the 
steps of: 
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^owing a mammalian cell comprising the gene of int^est and a 
dominant negative allele of a mismatch repair gene, wfaerdn the cell is 
hypermutable; 

testing the cell to determine whether the gene of int^est harbors a 
mutation. 

31. The method of claim 30 wherein the step of testing comprises analyzing 
a nucleotide sequence of the gene of interest. 

32. The method ofdaim 30 wherein the step of testing comprises analyadng 
mRNA transcribed from the gene of interest. 

33. The method of claim 30 wherdn the st^ of testing comprises analyzing 
a protdn encoded by the gene of interest. 

34. The method of claim 30 wherdn the step of testing comprises analyzing 
the phenofype of the gene of interest. 

35. llie method ofclaim 30 whardn the mammalian ceU is niade by the 
process of introdudng a polynucleotide comprising a dominant negative 
allele of a mismatch repair gene into a mammalian cdl, whereby the cell 
becomes hypermutable. 

36. The method of claim 35 wherein the step of testing comprises analy^g 
a nudeotide sequence of the gene of interest. 

37. The method of claim 35 wherdn the step of testing comprises analysdng 
miRNA transcribed from the gene of interest. 

38. The method of claim 35 wherdn the step of testing comprises analyang 
a protein encoded by the gene of interest. 

39. The method of claim 35 wherein the step of testing comprises analyzing 
the phenotype of the gene of interest. 

40. A method for generating a mutation in a gene of interest comprising the 
steps of: 

growing a mammal comprising the gene of interest and a 
polynucleotide encoding a dominant negative allele of a mismatch repair 
gene; 
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testing the mammal to detOTnine Aether the gene of interest harbors 
a mutation. 

41. The method of daim 40 wh^dn the step of testing comprise analyang 
a nudeotide sequence of the gene of interest. 

42. The method of daim 40 dn the step of testing comprises analyzing 
niKNA transoibed from the geM of int^est. 

43. The method of daim 40 ^i^imin the step of testing comprises analyzing 
a protdn encoded by the gene of interest 

44. The method ofdaim 40 wh^:dn the step of testing comprises analy2dng 
the phraotype of the gene of interest 

45. The method of daim 40 wherdn the mammal is made by the process of 
introdudng a polynudeotide compri^g a dominant negative allele of a 
mismatdi r^air gene into a mammal, vrh&:dby the mammal becomes 
hypermutable. 

46. The method of daim 45 i^dierdn the step of testing comprises analyzing 
a nudeotide sequ^ce of the gene of int^est 

47. The method of daim 45 wh^dn the step of testing con^rises anaiy^g 
mRNA transoibed from the gene of inta^est 

48. The method of daim 45 i^erdn the step of testing comprises analyzing 
a protdn encoded fay the gene of interest. 

49. The method of daim 45 wherein the stq) of testing comprises analyzing 
the phmotype of the gene of interest. 

50. A hypermutable transg^c mammal made by the method of claim 45. 

51. The transgenic mammal of claim 50 wherein the mammal is a primate. 

52. The transgenic mammal of claim 50 wherein the mismatch repair gene is 
PMS2. 

53. The transgenic mammal of claim 50 wherein the mismatch repair gene is 
human PMS2. 

54. The transgenic mammal of claim 50 wherein the mismatch repair gene is 
human MLHL 
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55. The transgraic mammal of claim SO wherdn the mismatch repair gene is 
hvmmPMSL 

56. The transgenic mammal of claim 50 wherdn the mismatch repair gene is 
hvxnmMSH2. 

57. The transgenic mammal of daim SO wherein the allele comprises a 
tnmcation mutation. 

58. The transgenic mammal of claim SO wherein the allele comprises a 
truncation mutation at codon 134 as shown in SEQ ID NO: 1. 

59. The transgenic mammal of claim 58 i^erdn the truncation mutation is a 
thynudine at nucleotide 424 of wild-type PMS2 as shown in SEQ ID NO: 1 . 
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A METHOD FOR GENERATING HYPERMUTABOS ORGANISMS 
ABSTRACT 

Dominant negative aUdes of human mismatch repair genes can be 
used to generate hypermutable cells and organisms. By introducing these 
genes into ceUs and transgenic animals, new cdl lines and animal varieties 
,vith novel and usefiil pfoperlies can be prepared more ^ciently than by 
relying on the natural rate of mutation. 
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